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(57) ABSTRACT

A point to multipoint device for use 1n a wireless network
operates a sequence ol variable duration communication
channels, allocatable to telecommunications units. A training
sequence 1indication and a repetition rate indication are stored
indicating a training sequence and repetition rate for the train-
ing sequence 1n the sequence of communication channels
associated with the point to multipoint device. An interface
receives a synchronization signal 1ssued to all point to multi-
point devices 1n the wireless network, and uses 1t to determine
a time for a first occurrence of the training sequence to occur.
Communication channel control logic causes control data to
be transmitted to the telecommunications units 1dentifying
the sequence of channels, the training sequence indication
and the repetition rate. Beamforming logic determines beam-
forming weights used to produce a reception beam at an
antenna array.
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POINT TO MULTIPOINT DEVICE FOR
COMMUNICATION WITH A PLURALITY OF
TELECOMMUNICATIONS UNITS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a point to multipoint device
for use 1n a wireless network to provide wireless communi-
cation with a plurality of telecommunication units, to a
method of operating such a device, and to a wireless network
comprising a plurality of such point to multipoint devices.

2. Description of the Prior Art

Point to multipoint devices within a wireless network may
take a variety of forms. For example, such a point to multi-
point device may take the form of a relay node or repeater
used to propagate data within the wireless network. Such
relay nodes or repeaters typically amplily and forward or
decode and forward received signals within the wireless net-
work. Another example of a point to multipoint device would
be a base station associated with a cell of the wireless network
for commumicating over wireless links with a number of
subscriber stations and/or relay nodes 1n the cell.

A wireless network infrastructure typically subdivides a
geographic area into mutually disjoint regions called cells.
Associated with each cell are one or more base stations (BSs)
that communicate via radio signals with a number of sub-
scriber stations (SSs) located within the same cell. The trans-
mission path from the BS to the SS 1s known as the forward
link or downlink communication path, whilst the transmis-
sion path from the SS to the BS 1s known as the reverse link or
uplink communication path.

In one implementation, the BS may be connected to a
telephone network and exists to relay messages from SSs in
the cell controlled by the BS to the telephone network, and
vice versa. By this approach, an item of telecommunications
equipment connected to an SS may make an outgoing call to
the telephone network, and may receive incoming calls from
the telephone network.

However, such a wireless telecommunications system 1s
not restricted to use with telephone signals, but could instead,
or additionally, handle any other appropriate type of telecom-
munications signal, such as video signals, or data signals such
as those used for transmitting data over the Internet and 1n
order to support recent technology such as Broadband and
video-on-demand technologies.

Within such a wireless network, a measure of the received
signal quality 1s the Signal to Interference and Noise Ratio
(SINR). For a given SINR, the recerver (for example the
receiver provided at an SS) can request a suitable Modulation
and Coding Scheme (MCS) that will maximise the data rate
and at the same time ensure an acceptable Quality of Service
(QoS). The Frame Error Rate (FER), 1.e. the percentage of
blocks of data that are received 1n error, 1s frequently used as
a measure of the QoS. If a block of data 1s incorrectly
decoded, then the receiver will inform the transmitter (for
example the transmitter at the BS when considering the
receiver at the SS) to resend the data. Whilst such a scheme 1s
necessary to maintain an acceptable QoS, data repetition has
the drawback of reducing the overall system throughput.

Cell sectorisation 1s a well-known technique for increasing,
the system capacity, system capacity being a measure of the
ability of a network to serve and sustain simultaneous users.
In cell sectorised layouts, the area within a cell 1s, under 1deal
situations, sub-divided into a number of non-overlapping
regions called sectors. The sectors within the same cell are
served by the same BS, or by different BSs (one per sector). In
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2

such sectorised layouts, the point to multipoint device may be
considered to be the entire base station, or the sector specific
logic, whether that be provided as a physically separate base
station or as a part of a base station covering the entire cell.
Sectorisation 1s generally implemented by employing highly
directional antennas that concentrate the radiated energy
within a sector. FIG. 1 shows a cellular network consisting of
seven cells, with each cell comprising three sectors. Hence,
by way of example, the cell 10 illustrated in FIG. 1 1s served
by a base station 20 which can provide separate beams to
cover the three sectors 30, 40, 50 provided within the cell 10.

Typically, a BS may need to communicate simultaneously
with multiple SSs within a sector or a cell. Typically, such
simultaneous communication can be achieved by defining
multiple communication channels that can be arranged to
utilise the radio resource of the wireless network. For
example, 1n a “Time Division Multiple Access” (TDMA)
system, a particular frequency channel can be partitioned 1n
the time domain, such that a number of different signals can
be transmitted in different time slots, the time slots forming
multiple communication channels utilising the particular fre-
quency channel. As another example, in a “Frequency Divi-
sion Multiple Access” (FDMA ) system, a band of frequencies
may be partitioned to form a number of communication chan-
nels of particular frequencies, thereby enabling multiple sig-
nals to be transmitted over the radio resource. In a combined
TDMA/FDMA system, such as used in WiMAX systems, a
combination of time/frequency slot 1s used to define separate
communication channels. WiMAX systems are based on the
IEEE 802.16 standards that provide high-throughput broad-
band connections over relatively long distances.

As another example of a mechamism that can be used to
establish multiple communication channels within a radio
resource, 1 a “Code Division Multiple Access” (CDMA)
system, signals may be transmitted over the radio resource on
a particular frequency channel, and this frequency channel
may be partitioned by applying different orthogonal codes to
signals to be transmitted on that frequency channel. Signals to
which an orthogonal code has been applied can be considered
as being transmitted over a corresponding orthogonal com-
munication channel utilising a particular frequency channel.

The total number of resources (1.e. channels) 1n a wireless
network 1s limited. In order to increase the system capacity 1t
may be necessary to use the same channel 1n different cells
and/or sectors. This 1s known as channel re-use. The cells or
sectors that use the same set of channels are known as co-
channel cells or sectors, and the interference generated as a
result 1s referred to as Co-Channel Interference (CCI). CCI
degrades the quality of the recerved signal and thus CCI
impacts negatively on the system throughput. Considering
again FI1G. 1, it will be noted that there are crossover regions
between adjacent sectors in FIG. 1. CCl 1n these locations will
be high, and can be avoided by using different channels on
overlapping sectors.

Another way to mitigate the CCl 1s to use antenna arrays at
the BS, such antenna arrays being described for example in
Chapter 3 of the publication “Smart Antennas, Adaptive
Arrays, Algorithms, and Wireless Position Location”, edited
by Dr'T S Rappaport, IEEE, NJ 1998, that chapter providing
an 1ntroduction to smart antennas and spatial processing. An
advanced (also referred to 1n the art as smart) antenna array
consists of two or more closely spaced antennas, and 1n com-
bination with a beamforming network, narrow beams with
increased signal strength can be formed 1n the direction of the
desired SS. Exploiting the spatial separation between users,
the advanced antenna array can also reduce the interference to
other SSs. The overall benefits of antenna arrays are increased
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range and improved signal strength (due to the antenna array
gain), along with increased system capacity due to the effi-
cient utilisation of spectral resources, 1.e. reduced CCI.

One known type of smart antenna array 1s referred to as a
fixed multi-beam antenna array system, where a finite number
of fixed beams with predefined beam patterns and fixed point-
ing directions are employed. Another alternative type of smart
antenna 1s the steered beam, or fully adaptive, antenna sys-
tem. Unlike the fixed multi-beam systems, a steered beam
system can radiate 1ts energy 1n any direction, and in some
cases can ensure little or no interference (nulling) 1n certain
other directions.

Considering the uplink communication from a SS (or more
generically a telecommunications unit) to a BS (or more
generically a point to multipoint device), each BS can define
a sequence ol variable duration communication channels to
be used for the uplink communication, and particular SSs
within the cell or sector will then be allocated one of those
communication channels as and when required to enable
communication to take place on the uplink between that SS
and the associated BS. Typically the communication is bro-
ken down 1nto separate frames, and the sequence of variable
duration communication channels can be defined for each
frame. One example of a communication structure that can be
used 1s shown 1n FIG. 2, which 1llustrates a Time Division
Duplex (TDD) communication structure, where uplink and
downlink transmissions occur at different times but share the
same frequency. An example of a system that may use such a
TDD communication structure 1s a WiMAX system, where
the TDD mode 1s implemented by subdividing each frame
into a downlink subframe and an uplink subframe. Accord-
ingly, as shown 1n FIG. 2, the communication takes place
between a BS and a plurality of associated SSs via a series of
frames 100. Considering for example the frame n 105, this
consists of a downlink (DL ) subirame 110 and an uplink (UL)
subirame 115. Considering the UL subframe 1135, this 1s
subdivided 1nto one or more variable duration communica-
tion channels, referred to 1in FIG. 2 as bursts 120, 125, 130.
Each burst 1s preceded by a traiming sequence TS, such train-
ing sequences being used for uplink channel estimation, 1.e. to
allow the recetving BS to estimate the amount of distortion 1n
that channel.

Due to the fact that the SS allocated to any particular uplink
communication channel can vary between frames, and given
that the length of each communication channel can vary from
frame to frame, this can give rise to varying degrees of CCI
within the uplink subirame. This problem 1s 1llustrated farther
with reference to FIGS. 3 and 4. As shown 1n FIG. 4, an
example configuration has two SSs, namely SS1 305 and S52
310, associated with a first base station, BS1 300, whilst a
turther SS, namely SS83 320, 1s associated with a second BS,
namely BS2 315. During the time interval T, shown in FIG.
3, the signal 200 from SS1 3035 1srecerved at BS1 300 and BS2
315, as shown 1n the left-hand half of FIG. 4. The signal from
SS1 acts as a co-channel interferer to the desired signal 220
from SS3 320 at BS2 315. Similarly, the signal from SS3 320
acts as a co-channel interferer to the desired signal from SS1
305 at BS1 300. In this example, 1t 1s assumed that the SSs
SS1, SS2 and SS3 all communicate on the same frequency
channel, and accordingly the signals from SS1 and SS3 cause
CCI during the time interval T, . During the time interval T,
the signal 220 from SS3 320 will continue to act as a co-
channel interferer at BS1 300, but the signal 210 from S52
310 1s the new co-chamnel interferer at BS2 315. Hence, as
shown 1n FIG. 4, 1t can be seen that 1n addition to the desired
signals 325, there are also interfering signals 330 that con-
tribute to CCI.
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The CCI can be mitigated using smart antennas. If a fixed
multiple-beam antenna array system 1s used, then BS1 300
can select a fixed beam to be used 1n the uplink to enhance the
signal quality of the signals from SS8 305 and SS2 310, whalst
suppressing the interference arising from the signal 1ssued by
SS3 320. Likewise, a fixed multi-beam system in BS2 315
would be capable of suppressing, to some extent, the inter-
ference resulting from the signals 1ssued by SS8 305 and S52
310.

If a steered beam antenna system 1s used 1nstead of a fixed
multi-beam antenna system, then the training sequences
1ssued at the beginning of each communication channel may
be used by the associated BS to estimate the channel impulse
responses from the SSs to the BSs and/or the array response at
the BSs. Broadband or narrow band beamformers can be
designed to collect the energy from the desired SSs. In some
embodiments, the broadband or narrow band beamformers
can be designed to not only collect the energy from the
desired SSs, but also optionally place nulls 1n the direction of
any SS mtroducing CCI. Considering again the example of
FIG. 3, 1t can be seen that BS1 300 can based on the training
sequence 203 produce a first steered beam to use during time
period T, and then based on the training sequence 2135 pro-
duce a different steered beam to use during the time period T ,,
and 1n both cases these steered beams may be arranged to
place a null 1n the direction of SS3 320. However, 1n contrast,
BS2 315 will use the training sequence 225 to produce a
steered beam which 1s then used for the entire duration of the
communication channel 220 used by SS3 320 to communi-
cate uplink data to BS2 315. Whilst this may place anull in the
direction of SS1 305, since that was the source of CCI at the
time the beam was calculated, it will not be able to take
account of the new source of CCI, namely SS2 310 that 1s
introduced part way through transmission on that communi-
cation channel 220, and accordingly this will give rise to an
clevated level of CCI during period T,. Indeed, it may well be
the case that when using a steered beam antenna system, the
CClirom SS2 will not only not be sufliciently suppressed, but
may 1n some instances actually be amplified.

Accordingly, 1t would be desirable to provide a technique
which enabled a further reduction 1n CCI within a wireless
network.

US 2004/0235527 discusses techniques for CCI suppres-
sion on the downlink transmission path. The techniques do
not address the varying degrees of CCI within the uplink
subirame. As discussed earlier, the CCI 1n the uplink path 1s
due to the presence of the variable duration communication
channels when the SSs communicate to the BS. Since a cer-
tain BS does not know the duration of the commumnication
channels used by the SSs in other cells, the BS cannot sup-
press the uplink interference caused by the intercell interfer-
ing SSs. WO 2004/059879 suggests using beamiorming at a
mobile device for reception, and then applying the same
beamiorming weights for transmission on the uplink path.
The technique 1s applicable to TD-SCDMA (Time Division
Synchronous Code Division Multiple Access) mobiles and
not for BSs that are subject to uplink CCI originating from
intercell variable duration communication channels.

SUMMARY OF THE INVENTION

Viewed from a first aspect, the present invention provides a
point to multipoint device for use 1 a wireless network to
provide wireless communication with a plurality of telecom-
munications units, for communication from the telecommu-
nications units to the point to multipoint device, the point to
multipoint device being operable to define a sequence of
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variable duration communication channels, each communi-
cation channel being allocatable to one of said telecommuni-
cations units, the point to multipoint device comprising; train-
ing sequence storage for storing a training sequence
indication indicating a training sequence associated with the
point to multipoint device; repetition rate storage for storing,
a repetition rate at which the training sequence i1s to be
repeated 1n said sequence of variable duration communica-
tion channels, the repetition rate being the same for all point
to multipoint devices in the wireless network; an interface for
receiving a synchronisation signal 1ssued to all point to mul-
tipoint devices 1n the wireless network, the synchronisation
signal being used to determine a time at which a first occur-
rence of the training sequence 1s to occur within the sequence
of variable duration communication channels; communica-
tion channel control logic for defining the sequence of vari-
able duration communication channels and for causing con-
trol data to be transmitted to the telecommunications units
identifying the sequence of variable duration communication
channels, the training sequence indication and the repetition
rate; an antenna array for providing a reception beam for
receiving the communication from the telecommunications
units; and beamforming logic for determining beamiorming,
weilghts used to produce the reception beam, the beamiorm-
ing weights being determined so as to improve recerved signal
quality, the beamforming logic being operable to repeat the
determination of beamforming weights at the repetition rate
coincident with the appearance of the training sequence in the
sequence of variable duration communication channels.

In accordance with the present invention, a point to multi-
point device 1s arranged to define a sequence of variable
duration communication channels for use by telecommuni-
cations units when communicating with the point to multi-
point device, and 1s arranged to cause control data to be
transmitted to those telecommunications units identifying the
sequence of variable duration communication channels, a
training sequence indication indicating a training sequence
associated with that point to multipoint device, and a repeti-
tion rate at which the training sequence 1s to be repeated 1n the
sequence ol variable duration communication channels. The
repetition rate 1s set to be the same for all point to multipoint
devices 1n the wireless network. Beamforming logic within
the point to multipoint device 1s then arranged to determine
beamforming weights to be used to produce a reception beam
at the point to multipoint device and this beamforming logic
1s arranged to repeat this determination process at the repeti-
tion rate coincident with the appearance of the traiming
sequence 1n the sequence of variable duration communication
channels.

The timing of a first occurrence of the training sequence
within the sequence of variable duration communication
channels 1s determined with reference to a synchronisation
signal that 1s 1ssued to all point to multipoint devices 1n the
wireless network. Since additionally the repetition rate 1s the
same for all point to multipoint devices in the wireless net-
work, this means that throughout the wireless network, train-
ing sequences will be transmitted at the same time and at the
same repetition rate even though the individual communica-
tion channels are of variable duration, and accordingly if the
beamforming weights are calculated coincident with the
appearance ol the training sequence, this provides a stable
period 1 which to calculate those beamiorming weights.
Thereatter, the CCI observed will be stationary until the next
training sequence appears in the sequence of variable dura-
tion communication channels, 1.e. the statistics of the CCI
will be constant during that period. Although the CCI will
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then change upon occurrence of each training sequence, new
beamiorming weights will 1n any case be determined at that
time.

As aresult, the techmique of the present invention provides
an eflective mechanism for using a steered beam, or fully
adaptive, antenna array to reduce CCI within the wireless
network, even though any particular point to multipoint
device has no control over the sequence of variable duration
communication channels defined by other point to multipoint
devices 1n the wireless network, nor does 1t have any control
over the telecommunications units that are allocated to each
communication channel by those other point to multipoint
devices.

Whilst the sequence of variable duration communication
channels 1s defined by the point to multipoint device, there are
a variety of ways in which those communication channels can
be used. For example, the particular telecommunication unit
allocated to any particular communication channel may be
predetermined, the start time for the sequence of communi-
cation channels may be predetermined, etc. However, 1n one
embodiment, the point to multipoint device 1s able to deter-
mine which telecommunications unit 1s allocated to each
communication channel based on information about which
telecommunications units have data to send, and 1s further
able to 1dentify the start time for the sequence of variable
duration communication channels. In one such embodiment,
the communication channel control logic 1s operable to define
the sequence of variable duration communication channels
having regard to the telecommunications units that are to
transmit data within those communication channels, the com-
munication channel control logic being operable to cause an
uplink map to be transmitted from the point to multipoint
device 1dentifying the sequence of variable duration commu-
nication channels, the telecommunications unit allocated to
cach communication channel, a start time for the sequence,
the training sequence indication and the repetition rate.

In one embodiment, the point to multipoint device provides
wireless communication within a plurality of sectors, the
antenna array 1s arranged to produce a reception beam for
cach sector, and the communication channel control logic and
beamiorming logic are replicated for each sector. In some
embodiments, for example where different channels are used
for each sector, the same training sequence can be used for
communication in each of the sectors. However, 1n alternative
embodiments, for example where the same channels are used
in more than one sector, the training sequence storage may be
arranged to store a separate training sequence indication for
cach sector. This for example would allow a unique training
sequence to then be associated with each sector.

The frequency with which the point to multipoint device
re-defines the sequence of variable duration communication
channels will vary dependent on the embodiment. However,
in one embodiment, the wireless communication 1s composed
of a plurality of frames, and the communication channel
control logic 1s operable for each frame to define the sequence
of vaniable duration communication channels to be used 1n
that frame. Hence, the sequence of variable duration commu-
nication channels are i such embodiments defined on a
frame by frame basis.

The frequency with which the synchronisation signal 1s
1ssued to the point to multipoint device will vary dependent on
the embodiment. In one embodiment, 1t may be suificient for
the synchronisation signal to be 1ssued only once at start up
time. However, 1n an alternative embodiment, the synchroni-
sation signal 1s recerved by the interface every m-th frame,
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where m 1s greater than or equal to 1. In one particular
embodiment, the synchronisation signal 1s recerved once
every frame.

In one embodiment, the training sequence associated with
the point to multipoint device 1s chosen to be unique with
respect to other training sequences associated with other
point to multipoint devices 1in the wireless network. There are
a number of ways in which the tfraining sequence can be
arranged to be unique with respect to other training sequences
associated with other point to multipoint devices 1n the wire-
less network. In one embodiment, the traiming sequence 1s
arranged to be orthogonal with respect to the traimning
sequences allocated to other point to multipoint devices 1n the
wireless network. As a result, when the beamforming logic of
the point to multipoint device 1s calculating the beamiforming
weights coincident with the appearance of the training
sequence 1n the sequence of variable duration communication
channels, the presence of the other orthogonal training
sequences used by other point to multipoint devices will
contribute minimal interference.

The way 1 which the unique training sequence 1s gener-
ated can take a variety of forms. In one embodiment the
training sequence 1s formed by cyclic shifting a base training,
sequence, with that base training sequence being known to at
least all of the point to multipoint devices in the wireless
network. In one particular embodiment, the base training
sequence 1s also known to the telecommunications units in the
wireless network, and the training sequence indication pro-
vided from the point to multipoint device to the telecommu-
nications units 1dentifies the cyclic shift to be applied to the
base training sequence in order to generate the traiming
sequence associated with the point to multipoint device. In
alternative embodiments, the training sequence indication
can 1tsell directly 1dentity the training sequence.

The actual form of the training sequence repeated within
the sequence of variable duration communication channels
may 1n one embodiment be fixed. However, in an alternative
embodiment, each istance of the training sequence included
in the sequence of variable duration communication channels
1s altered 1n a predetermined manner with respect to a pre-
ceding instance, whilst maintaining the uniqueness of each
instance with respect to corresponding instances of training
sequences associated with other point to multipoint devices 1n
the wireless network. This may for example be achieved by
arranging each telecommumications umt to modily each
instance of the training sequence 1n some predetermined way
prior to 1ssuing that training sequence.

The position at which the training sequence appears with
the communication channels can be varied dependent on
embodiment. However, in one embodiment, the communica-
tion channel control logic 1s operable to define the sequence
of variable duration communication channels such that the
training sequence 1s 1ssued at least at the start of each com-
munication channel. Hence, 1n such embodiments, the dura-
tion of each communication channel 1s arranged to be a mul-
tiple of the repetition rate.

The point to multipoint device may take a variety of forms.
However, in one embodiment the point to multipoint device 1s
a base station, the plurality of telecommunications units are a
plurality of subscriber stations, and for uplink communica-
tion from the subscriber stations to the base station, the
antenna array 1s operable to provide said reception beam for
receiving the uplink communication provided in said
sequence of variable duration communication channels.

In an alternative embodiment, the point to multipoint
device 1s base station sector logic, the plurality of telecom-
munications units are a plurality of subscriber stations within
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an associated sector, and for uplink communication from the
subscriber stations to the base station sector logic, the antenna
array 1s operable to provide said reception beam for receiving
the uplink communication provided in said sequence of vari-
able duration communication channels.

The wireless communication between the point to multi-
point device and the telecommunications units can take a
variety of forms. However, in one embodiment the wireless
communication 1s composed of a plurality of frames, with
uplink communication taking place during at least a portion
of each frame.

In one particular embodiment, the wireless communication
1s an IEEE 802.16 communication, with each frame compris-
ing an uplink subframe for the uplink communication and a
downlink subirame for downlink communication. In one
such embodiment, the uplink subframe is separated 1n either
time or frequency with respect to the downlink subframe.

The uplink subframe can be arranged 1n a variety of ways.
In one embodiment, each uplink subirame i1s of the same
duration as uplink subframes 1ssued to other base stations 1n
the wireless network. Alternatively, or in addition, each
uplink subframe may be time aligned with uplink subirames
1ssued to other base stations 1n the wireless network. In such
embodiments, time alignment of the training sequences
issued 1n each of the uplink subframes can be ensured by
merely causing the first occurrence of the training sequence to
be located at the same point within the first communication
channel of the various uplink subirames 1ssued to the various
base stations in the wireless network. In one particular
example, the first such training sequence 1s placed at the
beginning of each uplink subirame.

The control data 1dentifying the sequence of variable dura-
tion communication channels, the training sequence indica-
tion and the repetition rate, can be transmitted from the point
to multipoint device to the telecommunications units 1n a
variety of ways. In one embodiment, the control data 1s trans-
mitted 1n the downlink subirame.

Viewed from a second aspect, the present invention pro-
vides a wireless network comprising a plurality of point to
multipoint devices, each point to multipoint device being
arranged to provide wireless communication with an associ-
ated plurality of telecommunications units, and each point to
multipoint device being a point to multipoint device accord-
ing to the first aspect of the present invention, wherein the
plurality of point to multipoint devices are operable to repeat
the determination of beamforming weights at the same time
and at the repetition rate, each determination being coincident
with the appearance of the training sequence 1n the associated
sequence ol variable duration communication channels.

Viewed from a third aspect, the present invention provides
a method of operating a point to multipoint device used 1n a
wireless network to provide wireless communication with a
plurality of telecommunications units, for communication
from the telecommunications units to the point to multipoint
device, the point to multipoint device defining a sequence of
variable duration communication channels, each communi-
cation channel being allocated to one of said telecommuni-
cations units, the method comprising the steps of: storing a
training sequence indication indicating a training sequence
associated with the point to multipoint device; storing a rep-
ctition rate at which the traiming sequence 1s to be repeated 1n
said sequence of variable duration communication channels,
the repetition rate being the same for all point to multipoint
devices 1n the wireless network; recerving a synchronisation
signal 1ssued to all point to multipoint devices in the wireless
network, and determining from the synchronisation signal a
time at which a first occurrence of the training sequence is to
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occur within the sequence of variable duration communica-
tion channels; defining the sequence of vanable duration
communication channels and transmitting control data to the
telecommunications units 1dentifying the sequence of vari-
able duration communication channels, the training sequence
indication and the repetition rate; determining beamforming
weilghts used to produce a reception beam, the beamiorming,
welghts being determined so as to improve received signal
quality; controlling an antenna array to provide the reception
beam for recerving the communication from the telecommu-
nications units; and repeating the determination of beam-
forming weights at the repetition rate coincident with the
appearance of the training sequence 1n the sequence of vari-
able duration communication channels.

Viewed from a fourth aspect, the present invention pro-
vides a wireless network comprising: a plurality of point to
multipoint devices, each point to multipoint device being
arranged to provide wireless communication with an associ-
ated plurality of telecommunications units; each point to mul-
tipoint device being operable to define a sequence of variable
duration communication channels for forming a communica-
tion from the associated telecommunications units to that
point to multipoint device, and having an antenna array for
producing a reception beam to receive that communication;
cach point to multipoint device having a training sequence
associated therewith and being arranged to provide the asso-
ciated telecommunications units with an indication of that
training sequence and a repetition rate at which the training
sequence 1s 1o be repeated 1n said sequence of variable dura-
tion communication channels, the repetition rate being the
same for all of said point to multipoint devices; a time at
which a first occurrence of the training sequence 1s to occur
within the sequence of variable duration commumnication
channels being dertved with respect to a synchronisation sig-
nal recerved by all of the point to multipoint devices, whereby
the plurality of point to multipoint devices are operable to
repeat, at the same time and at the repetition rate, a determi-
nation of beamforming weights used to form their respective
reception beams, each determination being coincident with
the appearance of the training sequence in the associated
sequence of variable duration communication channels.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be described further, by way of
example only, with reference to embodiments thereof as 1llus-
trated in the accompanying drawings, 1n which:

FIG. 1 1s a block diagram of a wireless network 1n accor-
dance with a prior art technique;

FIG. 2 1s a diagram 1illustrating a Time Division Duplex
(TDD) communication structure of the prior art;

FIGS. 3 and 4 are diagrams illustrating how varying
degrees of CCI can arise within an uplink subirame when
adopting a prior art approach;

FIG. 5 1s a diagram 1llustrating how the communication
channels of the prior art illustrated in FIG. 3 are modified
when employing a technique 1n accordance with an embodi-
ment of the present invention;

FIG. 6 1s a diagram schematically illustrating how the
steered beam antenna system of one embodiment of the
present invention can be used to reduce CCI observed within
the wireless network;

FIG. 7 1s a block diagram of a base station in accordance
with one embodiment of the present invention;

FIG. 8 1s a flow diagram 1illustrating the operation of the
uplink beamiformer logic of FIG. 7 in accordance with one
embodiment of the present invention;

10

15

20

25

30

35

40

45

50

55

60

65

10

FIG. 9 1s a flow diagram 1illustrating the operation of the
uplink map generator logic of FIG. 7 1n accordance with one
embodiment of the present invention;

FIG. 10 1s a diagram 1illustrating the features of an uplink
subirame 1dentified by some of the terms used 1n FIG. 9; and

FIG. 11 1s a diagram schematically illustrating a downlink
subirame and a corresponding uplink subirame 1n accordance
with one embodiment of the present invention.

DESCRIPTION OF EMBODIMENTS

The techniques of embodiments of the present invention
can be applied to a variety of different point to multipoint
devices that employ steered beam, or fully adaptive, antenna
arrays to produce a reception beam for receving communi-
cations from a plurality of telecommunications units. For the
purpose of describing an embodiment of the present inven-
tion, a base station 1s considered as an example of such a point
to multipoint device, with the base station (BS) being pro-
vided within a cell of a wireless network for communicating
with a plurality of subscriber stations (SSs) provided within
that cell. Each cell may be divided into multiple sectors, such
as Tfor example discussed earlier with reference to FIG. 1, and
in such mstances each BS will be arranged to use one or more
antenna arrays to generate reception beams for each of the
sectors. Whilst in such embodiments the point to multipoint
device may be considered to be the entire base station, 1t can
alternatively be formed by the individual base station sector
logic associated with each sector of the cell.

Typically, the communication between a particular BS and
any SSs within the associated cell will be formed as a
sequence ol Iframes. For the purposes of describing an
embodiment of the present invention, it will be assumed that
the communication structure used 1s a TDD commumnication
structure such as that defined by the EEE 802.16 standards,
with each frame consisting of an uplink subframe for uplink
communication from the SSs to the BS and a downlink sub-
frame for downlink communication from the BS to the SSs.
For each uplink subirame, the BS will define a sequence of
variable duration communication channels, with each com-
munication channel being allocatable to one of the SSs within
the associated cell or sector. In accordance with embodiments
ol the present invention, as will be described 1n more detail
later, the BS includes communication channel control logic
for 1ssuing control data to the SSs identitying the sequence of
variable duration communication channels, an indicationof a
training sequence to be repeated within the sequence of vari-
able duration communication channels, and the repetition
rate at which the training sequence should be repeated. In
accordance with embodiments of the present invention, the
repetition rate 1s the same for all BSs 1n the wireless network.

Furthermore, the BS 1s arranged to receive a synchronisa-
tion signal 1ssued to all BSs in the wireless network, with the
synchronisation signal being used to determine a time at
which a first occurrence of the training sequence 1s to occur
within the sequence of variable duration communication
channels forming the uplink subframe. Accordingly, consid-
ering the earlier-described example discussed with reference
to FIGS. 3 and 4, where two SSs, namely SS1 and S52,
communicate with a first BS, namely BS1, whilst elsewhere
in the wireless network a further SS, namely SS3, communi-
cates with a different BS, namely BS2, using the same chan-
nel, then FIG. 5 1llustrates the resultant communication struc-
ture which 1s obtained when using embodiments of the
present ivention. By contrasting FIG. 5 with the prior art
approach illustrated 1n FIG. 3, 1t can be seen that the commu-
nication channel allocated to SS1 1s unatiected by the change
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in the communication structure, since the time T required to
transmit the data from SS1 1s less than the specified repetition
rate for the training sequence. Accordingly, 1n the communi-
cation channel allocated to SS1, SS1 transmits the training
sequence 400, followed by the payload data 405.

However, 1n contrast, the amount of data to be transmuitted
by SS2 1s such that 1t does take longer to transmait than the
repetition rate interval for the training sequence. Accordingly,
in the communication channel allocated to SS2, SS2 trans-
mits training sequence 410, followed by a first part of the data
payload 415, followed by a second training sequence 420 and
then the remainder of the payload 425.

Similarly, the amount of data to be transmitted by SS3 1n
the communication channel allocated to 1t by BS2 1s such that
the payload 1s broken down into three parts separated by the
training sequence repeated at the repetition rate. Accordingly,
in this communication channel, SS3 transmits training
sequence 430, followed by a first part of the payload 435,
tollowed by a training sequence 440, followed by a second
part of the payload 445, followed by training sequence 4350
and then finally the third part of the payload 4535.

As aresult of this approach, it will be seen from FI1G. 5 that,
across the wireless network, training sequences are inserted
into the uplink subiframes at the same time, and at the same
repetition rate. In accordance with embodiments of the
present invention, beamforming logic within each base sta-
tion 1s arranged to repeat 1ts determination of beamiforming,
weights for the reception beam at the repetition rate and
coincident with the appearance of the training sequences 1n
the uplink subframes, this providing a stable period 1n which
to calculate those beamforming weights. After each such
beamforming weight determination, the CCI observed will be
stationary until the next traiming sequence appears 1n the
uplink subirame, 1.e. the statistics of the CCI will be constant
during that period. Although the CCI will then change upon
occurrence of each training sequence, new beamiorming
weilghts will 1n any case be determined at that time.

As a result, CCI can be reduced within the wireless net-
work, as 1s 1llustrated schematically by FIG. 6. FIG. 6 illus-
trates the same configuration as described earlier with reter-
ence to FIG. 4, but 1n this instance the base stations BS1 500
and BS2 515 are arranged in the manner described above.
Accordingly, whilst the training sequence 400 appears 1n the
uplink communication from SS51 505 to BS1 500, BS1 500
will perform a training operation to generate beamiorming
weights that will produce the reception beam 502, this beam
secking to minimise the CCI produced by SS3 520, due to the
placing of a null 1n the direction of SS3. Sumilarly, whilst the
training sequence 430 appears 1n the uplink communication
from SS3 520 to BS2 515, BS2 515 will perform a training
operation to generate beamiorming weights that produce the
beam 504, which will seek to mimimise the CCI resulting
from the transmission from SS1 505.

When training sequence 410 1s received 1n the uplink com-
munication from SS2 510, then BS1 500 will repeat the
beamforming weight determination in order to produce the
beam 506 which again seeks to minimise the CCI produced
by SS3 520. In accordance with embodiments of the present
invention, training sequence 440 1s also included at this time
in the uplink communication from SS3 520 to BS2 515, even
though the communication channel has not changed (i.e. 1t 1s
still SS3 that 1s commumicating with BS2). As a result, BS2
will calculate some new beamiorming weights that produce
the beam 508, which seeks to minimise the CCI produced by
the new nterferer, namely SS2 510.

The above process will also be repeated by BS1 upon
receipt of the training sequence 420, and by BS2 upon receipt
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of the training sequence 450, but the beams are unlikely to
change significantly due to the same SSs transmitting at that
point.

FIG. 7 1s a block diagram 1llustrating a BS 1n accordance
with one embodiment of the present mvention. The BS 600
has an uplink antenna array 602 controlled by uplink beam-
former logic 603 to receive signals 1ssued to the BS 600 from
SSs within the cell covered by the BS. The BS 1s arranged to
store a training sequence indication 620 indicating a training
sequence associated with that base station, 1n one embodi-
ment that training sequence being unique with respect to
training sequences associated with any other base stations in
the wireless network. In a BS covering multiple sectors, a
separate training sequence can be allocated for each sector.
Additionally, the base station 600 stores a repetition rate 615
at which the training sequence 1s to be repeated 1n the variable
duration communication channels forming the uplink sub-
frame received by the antenna array 602. Both the training
sequence and the repetition rate are in one embodiment pro-
vided to the BS from some central management logic within
the wireless network.

Beam training synchronisation logic 610 1s arranged to
receive a synchronisation signal 1ssued to all BSs 1n the wire-
less network, the synchronisation signal being used to deter-
mine a time at which a first occurrence of the traiming
sequence 1s to occur within the uplink subirame. The beam
training synchronisation logic 610 also receives the repetition
rate 615, and based on the synchronisation signal and the
repetition rate generates trigger signals for issuing to the
uplink beamformer logic 605, these trigger signals being
generated such that the uplink beamformer logic 605 1is
arranged to repeat 1ts determination of appropriate beam-
forming weights to form the uplink reception beam each time
the training sequence appears 1n an uplink subirame. Accord-
ingly, the beamforming weights used for each antenna 1n the
antenna array 602 are recalculated at the repetition rate 615
coincident with the appearance of the traiming sequence 1n an
uplink subirame, with the aim of each time minimising the
elfects of CCI on the uplink communication from the desired
SS.

The uplink communication recetved from the SSs in each
uplink subirame 1s routed from the uplink beamformer circuit
605 to the receiver 625 for further processing. Such turther
processing 1s performed 1n accordance with any of a number
of known techniques. As well as the various uplink commu-
nication channels provided within each uplink subirame, a
further field within the uplink subirame 1s a bandwidth
request field which 1s used by SSs within the cell to request
bandwidth 1n a subsequent uplink subirame. Any bandwidth
request signals are routed from the receiver 625 to the sched-
uler 643 of the base station 600.

Within each downlink subirame, an uplink map 1s included
identifying the format of the corresponding uplink subframe.
An uplink map generator 640 within the BS 600 1s arranged to
receive from the scheduler 645 an 1indication as to which SSs
have data to send 1n an uplink subframe, and what length of
communication channel should be allocated to each such SS.
In one embodiment the length of the communication channels
depends on the actual amount of data that needs to be trans-
mitted and the desired quality of service (QoS). Further, the
uplink map generator 640 recerves the repetition rate 615, the
training sequence 620, and the synchromisation signal 1ssued
to all base stations in the wireless network. Based on this
information, the uplink map generator 640 generates an
uplink map containing control data which identifies the
sequence of variable duration communication channels to be
used 1n the next uplink subirame, and the SS allocated to each
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of those communication channels, this information being
derived from the information received from the scheduler
645. In addition, the control data in the uplink map also
identifies a start time for the uplink subirame, the training
sequence 1ndication 620 and the repetition rate 615.

The uplink map 1s received by a downlink frame generator
6335 which 1s arranged to generate a downlink subiframe hav-
ing regard to certain downlink control data and downlink
traffic data, the downlink tratfic data being data to be trans-
mitted to particular SSs within the cell. The uplink map 1s
included in one of the fields of the downlink subframe, and the
downlink subirame once generated 1s then passed to the
downlink beamiormer logic 630 for transmission via the
downlink antenna array 632. The downlink beamformer cir-
cuit 630 may be controlled 1n a variety of ways, and can be
arranged to apply weights to the downlink antenna array 632
in accordance with any of a number of known techniques 1n
order to seek to optimise transmission of signals to the appro-
priate SSs within the cell. In one particular embodiment, a
fixed multi-beam antenna array technique can be employed
by the downlink beamformer circuit 630, whereby one of a
number of predetermined fixed beams 1s used for each down-
link subirame.

FIG. 8 1s a flow diagram 1illustrating the operation of the
uplink beamformer logic 6035 of FIG. 7 in accordance with
one embodiment. At step 700, some default uplink beam-
forming weights are calculated for use to form an mitial
reception beam. These default beamforming weights can be
calculated 1n a number of ways, and for example may be used
to produce a broad beam enabling reception from any of the
SSs within the associated cell or sector. Alternatively, the
default beamforming weights may be chosen so as to only
activate a single antenna. Therealter, at step 705, 1t 1s deter-
mined whether a repetition rate trigger has been received
from the beam training synchronisation logic 610. If not, then
the current beamforming weights arc used at step 715.

However, upon receipt of a repetition rate trigger, the pro-
cess branches to step 710, where the uplink beamformer logic
603 1s arranged to compute a new set of beamforming weights
to be used to produce a reception beam by the antenna array
602. It will be appreciated by those skilled 1n the art that there
are a number of well-known techniques that can be used to
compute such beamiforming weights, and indeed examples
can be found 1n the earlier mentioned book “Smart Antennas,
Adaptive Arrays, Algorithms and Wireless Position Loca-
tion”, edited by Dr. T S Rappaport, EEE, NJ 1998. Generally
speaking, the signal being recerved by the antenna array 602
will be compared with the training sequence 620, and correc-
tion factors will be calculated 1n order to more closely align
the recerved signal with the expected training sequence (it
being appreciated from the earlier discussion that at the time
the uplink beamformer circuit 605 1s performing this process,
the signal recerved by the antenna array 602 will be a signal
corresponding to the training sequence issued by the SS
within the cell transmitting at that time).

FIG. 9 1s a flow diagram illustrating the operation of the
uplink map generator 640 of FIG. 7 1n accordance with one
embodiment. At step 800, two parameters 1 and t are set equal
to zero. Parameter t represents a time, and parameter 1 1s used
to 1dentily each variable duration communication channel
(VDCC) within the uplink subirame. For each such VDCC,
the lengths of those channels are obtained, these being
referred to as L(1), L(2), . . ., L(N).

At step 803, the start time for the next VDCC, 1n this case
the first VDCC, 1s computed, this being determined with
reference to the synchronization signal recerved by the uplink
map generator 640. 11s then incremented and a time T(1) 15 set
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equal to t. Hence, during the first iteration, 1 will be set equal
to one, and T(1) will be mitialised at zero.

Thereafter, at step 810, 1t 15 determined whether 1 1s less
than or equal to N, where N equals the number of VDCCs that
the scheduler 645 has indicated would be required by all of
the SSs that have currently indicated the desire to transmit
data. If 1 1s greater than N, then this indicates that the uplink
frame structure 1s completed, and accordingly the process
branches to step 815. However, assuming 1 1s less than or
equal to N, then the process proceeds to step 820 where it 1s
determined whether t+4P =L, ;.

FIG. 10 1s a diagram schematically 1llustrating some of the
terms used in FIG. 9. Accordingly, 1t will be appreciated that
the check performed at step 820 1s determining whether there
1s suificient space 1n the uplink subirame to insert another
training sequence followed by payload data sufficient to fill
the period of the training sequence P .. If there 1s suificient
space, then the process proceeds to step 833, where the train-
ing sequence and the associated payload data are allocated to
the uplink subiframe. At this point, the parameter t 1s updated
by adding P, to the current value of t, and 1n addition the
length of the currently selected VDCC 1s updated to subtract
the amount of payload data allocated to the uplink subirame.

IT at step 820, 1t 1s determined that t+P . 1s not less than or
equal to L, then the process proceeds to step 825, where 1t 1s
determined whether t+L +L(1)=L,,;. This test determines
whether there 1s sullicient space nevertheless to add another
training sequence and the remainder of the payload data exist-
ing to be transmitted 1n the current VDCC. By looking for
example at the nght-hand side of FIG. 10, 1t will be seen that
the data following the fifth training sequence does not occupy
the full length of P, and accordingly although the test at 820
may have failed, the test at step 825 may not. Assuming the
test at step 825 1s passed, then the process proceeds to step
835, where the training sequence and remaining data are
allocated to the uplink subirame, and the parameters t and L(1)
are updated as described earlier. However, if the test at step
8235 1s not passed, then the process branches to step 830,
where 1t 1s determined that the uplink frame structure 1s full.
Thereafter, the scheduler 645 will need to reschedule for a
subsequent uplink subframe the remaining data that has not
been included 1n the current uplink subirame.

Following step 835, 1t 1s determined at step 840 whether the
remaining data L.(1) for the current VDCC 1s less than or equal
to zero. IT not, the process returns to step 820, whereas oth-
erwise 1t 1s determined that all of the data for the current
VDCC has been transmitted, and accordingly the process
returns to step 803, where a start time 1s computed for the next
VDCC.

Considering again the example of FIG. 10, this i1llustrates
an example where N equals two, and accordingly two SSs
wish to communicate data in the uplink subirame. In the
example of FIG. 10, 1t can be seen that the data to be trans-
mitted by both SSs can be accommodated within the uplink
subiframe, and 1n particular the first communication channel
allocated to the first SS includes a training sequence, followed
by a block of data, followed by another training sequence
included after time P, followed by the remaining data to be
transmitted from the SS. Thereafter, the second communica-
tion channel 1s time aligned with the repetition rate, such that
the TS forming the start of the second communication chan-
nel does not start until time T(2). The SS allocated to this
communication channel actually has more data to send than
the SS allocated to the first communication channel, and
accordingly the TS 1s repeated three times within that com-
munication channel before all of the data has been transmuit-
ted.
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FIG. 11 1s a diagram schematically illustrating the format
of a downlink subframe 900 and associated uplink subiframe
9770 1n accordance with one embodiment of the present inven-
tion. The downlink subirame 900 includes a long preamble
905 which 1s used to assist an SS 1n performing equalisation
and synchromisation with respect to the downlink signal. A

frame control header 910 then provides imnformation about
what 1s to follow 1n the remainder of the downlink subframe,
and accordingly 1n this example will identify that the remain-
der of the downlink subiframe will consist of a downlink map
915, an uplink map 935, and a sequence of downlink com-

munication channels (referred to in FIG. 11 as downlink

bursts) 920, 925, 930. Each SS will review the downlink map
915 to determine whether there 1s downlink data destined for
it, and 11 so will decode the relevant downlink burst. Similarly,
cach SS (or at least each SS that has requested uplink band-
width) will review the uplink map 935 to determine whether
it has been allocated an uplink communication channel 940,
945, 950, and 11 so will transmit its data in the allocated uplink
channel.

As also shown 1n FIG. 11, the uplink subirame includes a
bandwidth request field 955 which can be used by any of the
SSs to request bandwidth 1n a subsequent uplink subirame to
enable that SS to transmit data on the uplink path. Further, an
initial ranging field 960 is provided, which 1s used by an SS
when 1t first connects to the network to enable that SS to
identify to the BS a particular downlink subirame that 1t has
received, this information hence enabling the BS to allocate
that SS to a particular beam used to produce that downlink
subirame. When the BS subsequently needs to send downlink

datato that SS, 1t can then ensure that the downlink data 1s sent
in a downlink subirame produced using that same beam.

From the above description of an embodiment of the
present invention, 1t will be appreciated that such an embodi-
ment enables the implementation of a synchronised fast beam
switching network utilising a fully adaptive antenna on the
uplink communication path. In accordance with one such
embodiment, each uplink subframe 1s aligned to an external
clock via the synchronisation signal 1ssued to all BSs in the
network. Further, training sequences are inserted in the uplink
subirames at a repetition rate which 1s the same for all BSs 1n
the wireless network, hence ensuring that these traiming
sequences are time aligned with training sequences 1ssued 1n
other uplink subframes used at the same time by other SSs to
communicate with other BSs 1n the wireless network. This 1s
achieved 1n one embodiment by splitting each variable dura-
tion communication channel 1into sub-bursts whose lengths
corresponds with the repetition period of the training
sequence.

Further, 1n accordance with embodiments of the present
invention, a training sequence 1s associated with each BS (or
BS sector logic) 1in the wireless network. In one embodiment,
the training sequence allocated to a particular BS (or BS
sector logic) 1s unique with respect to the training sequences
allocated to other BSs (or other BS sector logic) 1n the wire-
less network. A training sequence indication 1s broadcast to
the SSs 1n the downlink subirame to enable each SS that 1s to
communicate on the uplink subiframe to determine the train-
ing sequence to be used. The training sequence indication
may directly specily the training sequence, or may provide
some 1nformation from which the tramming sequence 1s
derived. As an example of the latter situation, the training
sequence may be formed by cyclic shifting a base training
sequence, with that base training sequence being known by
the various SSs. In such instances, the training sequence
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indication can i1dentify a cyclic shiit to be applied to the base
training sequence in order to generate the training sequence
associated with the BS.

In one embodiment, the actual form of the training
sequence associated with a BS 1s fixed, and 1s hence 1identical
cach time 1t 1s repeated within the uplink subiframe. However,
in another embodiment, each instance of the training
sequence included in the uplink subirame may be altered 1n a
predetermined manner by the SS with respect to a preceding
instance of that training sequence, whilst maintaining the
uniqueness of each instance with respect to corresponding
instances of training sequences associated with other BSs 1n
the wireless network. The modification of the tramning
sequences 1n such embodiments will typically be dictated by
the relevant Standard(s).

In one embodiment, the training sequences used by each
BS are mutually orthogonal, or have low autocorrelation and
cross-correlation properties. In an IEEE 802.16 communica-
tion structure this may be achieved by the earlier-mentioned
cyclic shifting of a base training sequence. All SSs connected
to a specific BS will use the same cyclic shift delay. Such an
approach enables a family of umique training sequences to be
generated with different ones of those sequences being used
by different BSs.

In accordance with embodiments of the present invention,
the beamiorming weights are calculated at the repetition rate
coincident with the appearance of the training sequence 1n the
uplink communication channel. Since the network 1s syn-
chronised and fast fully adaptive beam switching takes place
during each training sequence period, the CCI observed will
be stationary during the period between training sequences,
and hence the statistics of the CCI will be constant during that
period.

Accordingly, from the above description of embodiments
of the present mnvention, it will be appreciated that such
embodiments can provide a particularly effective technique
for reducing co-channel interference within a wireless net-
work.

Although a particular embodiment has been described
herein, 1t will be appreciated that the invention 1s not limited
thereto and that many modifications and additions thereto
may be made within the scope of the invention. For example,
various combinations of the features of the following depen-
dent claims could be made with the features of the indepen-
dent claims without departing from the scope of the present
ivention.

We claim:

1. A point to multipoint device for use in a wireless network
to provide wireless communication with a plurality of tele-
communications units, for communication from the telecom-
munications units to the point to multipoint device, the point
to multipoint device being configured to define a sequence of
variable duration communication channels, each communi-
cation channel being allocatable to one of said telecommuni-
cations units, the point to multipoint device comprising;

training sequence storage for storing a training sequence

indication indicating a training sequence associated
with the point to multipoint device;

repetition rate storage for storing a repetition rate at which

the training sequence 1s to be repeated 1n said sequence
of variable duration communication channels, the rep-
ctition rate being the same for all point to multipoint
devices 1n the wireless network:

an 1interface for recerving a synchronization signal 1ssued to

all point to multipoint devices in the wireless network,
the synchronization signal being used to determine a
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time at which a first occurrence of the training sequence
1s to occur within the sequence of variable duration
communication channels;

communication channel control logic for defining the

sequence of variable duration communication channels
and for causing control data to be transmitted to the
telecommunications units 1dentifying the sequence of
variable duration communication channels, the training
sequence 1ndication and the repetition rate;

an antenna array for providing a reception beam for receiv-

ing the communication from the telecommunications
units; and

beamforming logic for determining beamforming weights

used to produce the reception beam, the beamiorming
weights being determined so as to improve recerved
signal quality, the beamforming logic being configured
to repeat the determination of beamforming weights at
the repetition rate coincident with the appearance of the
training sequence 1n the sequence of variable duration
communication channels.

2. A point to multipoint device as claimed 1n claim 1,
wherein the communication channel control logic 1s config-
ured to define the sequence of variable duration communica-
tion channels having regard to the telecommunications units
that are to transmit data within those communication chan-
nels, the communication channel control logic being config-
ured to cause an uplink map to be transmitted from the point
to multipoint device identifying the sequence of variable
duration communication channels, the telecommunications
unit allocated to each communication channel, a start time for
the sequence, the training sequence indication and the repeti-
tion rate.

3. A point to multipoint device as claimed 1n claim 1,
wherein the point to multipoint device provides wireless com-
munication within a plurality of sectors, the antenna array 1s
arranged to produce a reception beam for each sector, and the
communication channel control logic and beamiorming logic
are replicated for each sector.

4. A point to multipoint device as claimed 1n claim 3,
wherein the training sequence storage 1s configured to store a
separate training sequence indication for each sector.

5. A point to multipoint device as claimed in claim 1,
wherein the wireless communication 1s composed of a plu-
rality of frames, and the communication channel control logic
1s configured for each frame to define the sequence of variable
duration communication channels to be used 1n that frame.

6. A poimnt to multipoint device as claimed in claim 5,
wherein the synchronization signal 1s received by the inter-
face every m-th frame, where m 1s greater than or equal to 1.

7. A point to multipoint device as claimed 1n claim 1,
wherein the training sequence associated with the point to
multipoint device 1s unique with respect to other training
sequences associated with other point to multipoint devices 1n
the wireless network.

8. A point to multipoint device as claimed in claim 7,
wherein the training sequence 1s orthogonal with respect to
the training sequences allocated to other point to multipoint
devices 1n the wireless network.

9. A point to multipoint device as claimed 1n claim 7,
wherein the training sequence 1s formed by cyclic shifting a
base training sequence, and the training sequence indication
identifies the cyclic shift to be applied to the base training
sequence to generate the traiming sequence associated with
the point to multipoint device.

10. A point to multipoint device as claimed 1n claim 7,
wherein each instance of the training sequence included in
said sequence of variable duration communication channels
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1s altered 1n a predetermined manner with respect to a pre-
ceding instance, whilst maintaining the uniqueness of each
instance with respect to corresponding istances of training
sequences associated with other point to multipoint devices in
the wireless network.

11. A point to multipoint device as claimed 1n claim 1,
wherein the communication channel control logic 1s config-
ured to define the sequence of variable duration communica-
tion channels such that the training sequence 1s 1ssued at least
at the start of each communication channel.

12. A point to multipoint device as claimed 1n claim 1,
wherein the point to multipoint device 1s a base station, the
plurality of telecommunications units are a plurality of sub-
scriber stations, and for uplink communication from the sub-
scriber stations to the base station, the antenna array 1s con-
figured to provide said reception beam for recerving the
uplink communication provided 1n said sequence of variable
duration communication channels.

13. A point to multipoint device as claimed 1n claim 12,
wherein the wireless communication 1s composed of a plu-
rality of frames, with uplink communication taking place
during at least a portion of each frame.

14. A point to multipoint device as claimed 1n claim 13,
wherein the wireless communication1s an IEEE 802.16 com-
munication, with each frame comprising an uplink subirame
for the uplink communication and a downlink subframe for
downlink communication.

15. A point to multipoint device as claimed 1n claim 14,
wherein the uplink subirame 1s separated in either time or
frequency with respect to the downlink subirame.

16. A point to multipoint device as claimed 1n claim 14,
wherein each uplink subirame 1s of the same duration as
uplink subirames 1ssued to other base stations 1n the wireless
network.

17. A point to multipoint device as claimed 1n claim 14,
wherein each uplink subiframe 1s time aligned with uplink
subirames 1ssued to other base stations 1n the wireless net-
work.

18. A point to multipoint device as claimed 1n claim 14,
wherein the control data identifying the sequence of variable
duration communication channels, the training sequence
indication and the repetition rate, 1s transmitted in the down-
link subirame.

19. A point to multipoint device as claimed in claim 1,
wherein the point to multipoint device 1s base station sector
logic, the plurality of telecommunications units are a plurality
of subscriber stations within an associated sector, and for
uplink communication from the subscriber stations to the
base station sector logic, the antenna array 1s configured to
provide said reception beam for recerving the uplink commu-
nication provided 1n said sequence of variable duration com-
munication channels.

20. A wireless network comprising a plurality of point to
multipoint devices, each point to multipoint device being
arranged to provide wireless communication with an associ-
ated plurality of telecommunications units, and each point to
multipoint device being a point to multipoint device as
claimed 1n any preceding claim, wherein the plurality of point
to multipoint devices are operable to repeat the determination
of beamforming weights at the same time and at the repetition
rate, each determination being coincident with the appear-
ance of the training sequence in the associated sequence of
variable duration communication channels.

21. A method of operating a point to multipoint device used
in a wireless network to provide wireless communication
with a plurality of telecommunications units, for communi-
cation from the telecommunications units to the point to
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multipoint device, the point to multipoint device defining a
sequence of variable duration communication channels, each
communication channel being allocated to one of said tele-
communications units, the method comprising the steps of:

storing a training sequence indication indicating a training
sequence associated with the point to multipoint device;

storing a repetition rate at which the training sequence 1s to
be repeated 1n said sequence of variable duration com-
munication channels, the repetition rate being the same
for all point to multipoint devices 1n the wireless net-
work:

receiving a synchromization signal 1ssued to all point to
multipoint devices in the wireless network, and deter-
mining from the synchronization signal a time at which
a first occurrence of the traiming sequence 1s to occur
within the sequence of variable duration communication
channels;

defiming the sequence of variable duration communication
channels and transmitting control data to the telecom-
munications units identiiying the sequence of variable
duration commumcation channels, the {training
sequence 1ndication and the repetition rate;

determining beamiforming weights used to produce a
reception beam, the beamforming weights being deter-
mined so as to improve recerved signal quality;

controlling an antenna array to provide the reception beam
for recetving the communication from the telecommu-
nications units; and

repeating the determination of beamforming weights at the
repetition rate coincident with the appearance of the
training sequence 1n the sequence of variable duration
communication channels.
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22. A wireless network comprising;:

a plurality of point to multipoint devices, each point to
multipoint device being arranged to provide wireless
communication with an associated plurality of telecom-
munications units;

cach point to multipoint device being configured to define
a sequence of variable duration communication chan-
nels for forming a communication from the associated
telecommunications units to that point to multipoint
device, and having an antenna array for producing a
reception beam to recerve that communication;

cach point to multipoint device having a traiming sequence
associated therewith and being arranged to provide the
associated telecommunications units with an indication
of that training sequence and a repetition rate at which
the training sequence 1s to be repeated 1n said sequence
of vaniable duration communication channels, the rep-
ctition rate being the same for all of said point to multi-
point devices;

a time at which a first occurrence of the training sequence
1s to occur within the sequence of variable duration
communication channels being derived with respect to a
synchronization signal received by all of the point to
multipoint devices, wherein the plurality of point to
multipoint devices are configured to repeat, at the same
time and at the repetition rate, a determination of beam-
forming weights used to form their respective reception
beams, each determination being coincident with the
appearance of the training sequence in the associated
sequence of variable duration communication channels.
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